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(57) ABSTRACT

A tool holder attachment structure includes a spindle and a
tool holder. The spindle has a tip end face and a tapered hole.
The tool holder has a tapered shank portion and a flange end
face. In a clamped state, there is a clearance of a predeter-
mined size between the flange end face of the tool holder and
the tip end face of the spindle. As the spindle is rotated, the
tapered hole of the spindle is slightly expanded by a cen-
trifugal force caused by rotation of the spindle, and the
presence of this clearance allows the tapered shank portion
to be further drawn into the tapered hole so that the flange
end face of the tool holder closely contacts the tip end face
of the spindle, and the tapered shank portion is closely fitted
in the tapered hole, whereby two-face restraint is imple-
mented.

16 Claims, 2 Drawing Sheets
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TOOL HOLDER AND TOOL HOLDER
ATTACHMENT STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to tool holder attachment
structures that attach a tool holder provided with a cutting
tool to a rotary spindle of a machine tool such as a machining
center with an automatic tool changer, and tool holders that
are attached to the rotary spindle.

2. Background Art

Such a tool holder attachment structure is disclosed in,
e.g., Japanese Patent No. 2571325. FIG. 4 is a diagram
corresponding to FIG. 5 of Japanese Patent No. 2571325,
and shows a structure in which a tool holder is attached to
a spindle of a machine tool.

In a tool holder 3 for use in a machining center with an
automatic tool changer, a manipulator holding flange 5 for
automatic tool changing is formed integrally with the tool
holder 3 so as to adjoin a tapered shank portion 4. A tapered
hole 2 is provided in a spindle 1 of a machine tool, and the
tool holder 3 is drawn into the tapered hole 2 and is clamped
therein by using a pull stud bolt.

The JIS or ISO standards specify the maximum diameter
D, the axial length (reference dimension) L, etc. of the
tapered hole 2 and the tapered shank portion 4, and specify
that a predetermined opposing clearance Y should be pro-
vided between a reference end face 1a of the spindle 1 and
an end face 5a of the flange 5 of the tool holder 3 in order
to allow for a certain degree of manufacturing error Ai.

With this configuration, even if the reference end face 1a
or the flange end face 5a protrudes slightly toward the
opposing end face due to a manufacturing error, the refer-
ence end face 1a does not contact the flange end face 5a due
to the predetermined opposing clearance Y, and the tapered
shank portion 4 can be reliably closely fitted in the tapered
hole 2.

However, this configuration has a disadvantage in that the
close contact surfaces of the tapered hole 2 and the tapered
shank portion 4 tend to be worn due to fretting corrosion etc.
because the tapered shank portion 4 is intensively subjected
to cutting load.

One way to overcome this disadvantage is to extend the
reference end face 1a of the spindle 1 or the flange end face
5a so as to protrude by the opposing clearance Y so that the
tapered shank portion 4 is closely fitted in the tapered hole
2 and the reference end face la closely contacts the flange
end face 5a. However, the opposing clearance Y is provided
so0 as to allow for the manufacturing error Ai. Therefore, if,
e.g., the end face of the spindle 1 slightly protrudes by the
amount of the manufacturing error, the end face of the
spindle contacts the flange end face of the tool holder before
the tapered shank portion 4 is closely fitted in the tapered
hole 2, leaving a gap between the tapered hole 2 and the
tapered shank portion 4. As a result, the tool holder cannot
be reliably attached to the spindle.

The invention described in Japanese Patent No. 2571325
proposes the following configuration in order to solve the
above problems. Each of the spindle end face and the flange
end face facing the spindle end face is extended by an
amount larger than the numerical value of the allowable
manufacturing error Ai specified in the industrial standards.
Moreover, the spindle end face and the flange end face are
extended toward each other so that the sum of the extension
amounts al, a2 of the spindle end face and the flange end
face is within the range of the numerical value of the
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allowable opposing clearance Y. The tool holder 3 can be
attached to the spindle 1 so that the extended end faces thus
formed are fitted on each other.

SUMMARY OF INVENTION

However, the invention described in Japanese Patent No.
2571325 does not completely solve the conventional prob-
lems. Although not clearly described in Japanese Patent No.
2571325, there should be a clearance between the spindle
end face and the flange end face when the tool holder is
inserted into the tapered hole of the spindle of the machine
tool. This is because when the tool holder is drawn into the
tapered hole and clamped therein, the spindle is elastically
deformed and the tool holder is drawn in the axial direction
by about 0.01 mm to about 0.03 mm from the position in the
inserted state.

It seems desirable that there be the clearance between the
spindle end face and the flange end face when the tool holder
is inserted in the tapered hole, and the spindle end face
closely contact the flange end face and the tapered shank
portion is closely fitted in the tapered hole when the tool
holder is clamped. However, there are actually problems to
be solved in this case as well. The inventor of the present
application looked at the problem associated with the fact
that the spindle is slightly expanded by the centrifugal force
when the spindle is rotated. That is, even if a two-face
restrained state is implemented in the clamped state, the
tapered hole is slightly expanded due to the centrifugal force
when the spindle is rotated, and a small gap appears between
the tapered hole and the tapered shank portion. Therefore,
when the spindle is rotated, the small gap appears between
the tapered hole and the tapered shank portion, and only an
end-face close contact state is achieved. In other words, only
the flange end face of the tool holder (which is constantly
drawn axially inward) and the spindle end face closely
contact each other.

It is an object of the present invention to provide a tool
holder attachment structure capable of implementing a two-
face restrained state when a spindle is rotated.

A tool holder attachment structure according to the pres-
ent invention includes a spindle of a machine tool and a tool
holder. The spindle has a tip end face and a tapered hole
extending axially inward from the tip end face. The tool
holder has a tapered shank portion that fits in the tapered
hole of the spindle, and a flange end face that faces the tip
end face of the spindle. When attaching the tool holder, the
tapered shank portion of the tool holder is drawn into the
tapered hole of the spindle to clamp the tool holder to the
spindle.

In the state where the tool holder is drawn into the tapered
hole and clamped therein and the spindle is stopped, there is
a clearance of a predetermined size between the flange end
face of the tool holder and the tip end face of the spindle. If
the spindle is rotated at a normal operation speed with the
tool holder being kept in the clamped state, the tapered hole
of the spindle is slightly expanded by a centrifugal force
caused by the rotation of the spindle, and a small gap appears
between the tapered hole and the tapered shank portion. In
this case, the presence of the clearance of the predetermined
size allows the tapered shank portion to be further drawn
into the tapered hole so that the flange end face of the tool
holder closely contacts the tip end face of the spindle, and
the tapered shank portion is closely fitted in the tapered hole,
whereby two-face restraint is implemented.

In a preferred embodiment, the amount of clearance
between the flange end face of the tool holder and the tip end
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face of the spindle in the clamped state is selected within
such a range that allows the tool holder to be unclamped
from the two-face restrained state after a processing opera-
tion is finished. In the case where the amount of clearance
is too large, the spindle generates heat by, e.g., cutting heat
generated in a cutting operation and the tapered hole is
greatly expanded. The tapered shank portion of the tool
holder is thus excessively drawn in the axially inward
direction, resulting in an excessively high bonding force
between the tapered hole and the tapered shank portion. In
this case, the tool holder cannot be unclamped in a changing
operation of an automatic tool changer. If the amount of
clearance is too small, only the end-face close contact state
between the flange end face of the tool holder and the tip end
face of the spindle is implemented. Specifically, if the
amount if clearance is too small, the tapered shank portion
is not closely fitted in the tapered hole, and only the flange
end face of the tool holder and the tip end face of the spindle
closely contact each other.

A preferred amount of the clearance between the flange
end face of the tool holder and the tip end face of the spindle
in the clamped state is selected in a range of 0.005 mm to
0.03 mm. A rotational speed of the spindle is, e.g., 500 min~"
or higher.

A tool holder according to the present invention is a tool
holder that is attached to a spindle of a machine tool, the
spindle having a tip end face and a tapered hole extending
axially inward from the tip end face, and the tapered hole
being slightly expanded by a centrifugal force when the
spindle is rotated. The tool holder includes: a tapered shank
portion that fits in the tapered hole of the spindle; and a
flange end face that faces the tip end face of the spindle. In
a state where the tool holder is drawn into the tapered hole
of the spindle and clamped therein, the flange end face is
separated from the tip end face of the spindle by a clearance.
In a state where the spindle is rotated, the flange end face
closely contacts the tip end face of the spindle.

According to the tool holder having the above configu-
ration, two-face restraint, namely close fit of the tapered
shank portion and close contact of the flange end face, can
be implemented when the spindle is rotated.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional view showing the state where
a tool holder is attached to a tapered hole of a spindle.

FIG. 2 is a cross-sectional view showing the state where
the tool holder is drawn into the tapered hole of the spindle
and clamped therein.

FIG. 3 is a cross-sectional view showing the state where
the spindle is rotated at a normal speed.

FIG. 4 is a diagram corresponding to Japanese Patent No.
2571325.

DESCRIPTION OF EMBODIMENTS

The present invention is intended to be applied particu-
larly to a BT tool holder attachment structure that restrains
a tapered shank portion of a tool holder in a tapered hole of
a spindle.

FIG. 1 is a cross-sectional view showing the state where
a tool holder is attached to a spindle of a machine tool. A
spindle 10 has a tip end face 12aq as a reference end face, and
a tapered hole 11 extending axially inward from the tip end
face 12a.

A tool holder 20 has a tapered shank portion 21 that is
fitted in the tapered hole 11 of the spindle 10, and a flange
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portion 22 that is held by a manipulator for automatic tool
changing. The flange portion 22 has a flange end face 23
facing the tip end face 12a of the spindle 10.

FIG. 1 shows the state where the tool holder 20 is attached
to the spindle 10 by inserting the tapered shank portion 21
into the tapered hole 11. From the state shown in FIG. 1, the
tapered shank portion 21 is further drawn into the tapered
hole 11 and clamped therein by using a pull stud 30. FIG. 2
shows the clamped state. When the tapered shank portion 21
of'the tool holder 20 is drawn into the tapered hole 11 of the
spindle 10 to clamp the tool holder 20 to the spindle 10, the
spindle 10 is elastically deformed, and therefore the tool
holder 20 is drawn axially inward by about 0.01 mm to about
0.03 mm with respect to its position in the inserted state (the
state shown in FIG. 1).

As described above, the JIS or ISO standards specify that
a predetermined opposing clearance should be provided
between the reference end face 12a of the spindle 10 and the
flange end face 23 of the tool holder 20 in order to allow for
a manufacturing error of the spindle or the tool holder. For
example, the opposing clearance is 2 mm in BT30 and
BT40, and 3 mm in BT50.

In order to implement an end-face close contact state
between the reference end face 12a of the spindle 10 and the
flange end face 23 of the tool holder 20 in addition to the
close fit between the tapered portions when in use, the
reference end face 12a of the spindle 10, for example, is
extended toward the flange end face 23 to form a spindle
extended end face 126. The amount by which the spindle
extended end face 126 is extended with respect to the
reference end face 124 is determined by, e.g., “(standardized
opposing clearance)/2—-(amount by which the tool holder is
drawn for clamping).” As described above, the “amount by
which the tool holder is drawn for clamping” is about 0.01
mm to about 0.03 mm. The flange end face 23 of the tool
holder 20 is also extended toward the reference end face of
the spindle 10 to form a flange extended end face. The
amount by which the flange extended end face is extended
from the flange end face 23 is determined by, e.g., “(stan-
dardized opposing clearance)/2.” Providing such extended
end faces in view of the amount by which the tool holder is
drawn for clamping allows an end-face close contact state to
be implemented between the extended end face of the
spindle 10 and the flange extended end face of the tool
holder 20 when the tool holder is attached to the spindle and
is drawn axially inward and clamped.

However, in the structure in which the end-face contact
state is implemented when the tool holder 10 is drawn into
the spindle and clamped thereto, the tapered portion is
brought out of the close fit state by the centrifugal force
caused when the spindle rotates at a normal operation speed.
The inventor of the present application arrived at the fol-
lowing unique configuration in order to solve this problem.

In the state shown in FIG. 1, namely in the state where the
tapered shank portion 21 of the tool holder 20 has been
inserted and attached in the tapered hole 11 of the spindle 10
but has not been clamped, there is a clearance D0 between
the extended end face 125 of the spindle 10 and the flange
end face 23 of the tool holder 20. This clearance DO is
provided in view of the amount by which the tool holder 20
is drawn for clamping and the amount by which the tool
holder 20 is drawn as the tapered hole is expanded during
rotation of the spindle 10.

In the state shown in FIG. 2, namely in the state where the
tapered shank portion 21 of the tool holder 20 has been
drawn into the tapered hole 11 of the spindle 10 and clamped
therein by using the pull stud 30, there is a clearance D1
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between the extended end face 125 of the spindle 10 and the
flange end face 23 of the tool holder 20. The clearance D1
is larger than zero, but is smaller than the clearance D0
shown in FIG. 1. This clearance D1 is provided in view of
the amount by which the tool holder 20 is drawn as the
tapered hole is expanded during rotation of the spindle 10.

It is an important feature of the present invention to
provide the clearance D1 in the clamped state shown in FIG.
2. As the spindle 10 rotates at a normal operation speed
according to operation of the machine tool, the tapered hole
11 of the spindle 10 is slightly expanded radially outward
due to the centrifugal force. Accordingly, even if the clear-
ance D1 is eliminated and both the close fit state between the
tapered portions and the end-face contact state between the
end face portions (two-face contact) are implemented in the
clamped state shown in FIG. 2, the tapered portions are
brought out of the close fit state when the spindle 10 rotates
at the normal operation speed. Thus, only the end-face close
contact state of the end face portions, namely one-face
contact, is implemented when the spindle 10 rotates at the
normal operation speed.

In the present invention, in the clamped state shown in
FIG. 2, namely in the state where the tool holder 20 is drawn
into the tapered hole 11 and clamped therein and the spindle
10 is stopped, there is the clearance D1 of the predetermined
size between the flange end face 23 of the tool holder 20 and
the extended end face 125 of the spindle 10. The size of the
clearance D1 is selected so that both the close fit state
between the tapered portions and the end-face close contact
state between the end face portions (two-face restraint) can
be implemented when the spindle 10 is rotated at a normal
operation speed. Specifically, as the spindle is rotated at the
normal operation speed, the tapered hole of the spindle is
slightly expanded by the centrifugal force caused by the
rotation of the spindle, whereby a small gap appears between
the tapered hole and the tapered shank portion. Thus, the
tapered shank portion being constantly subjected to the
drawing force in the axially inward direction is further
drawn into the tapered hole, so that the flange end face of the
tool holder closely contacts the tip end face of the spindle,
whereby both the close fit state between the tapered portions
and the end-face close contact state between the end face
portions (two-face restraint) can be implemented.

FIG. 3 shows the state where two-face restraint is imple-
mented as the spindle 10 is rotated. In the state shown in
FIG. 3, as the spindle 10 is rotated, the tapered hole 11 is
slightly expanded by the centrifugal force. Since the clear-
ance D1 is present, the tapered shank portion 21 being
constantly subjected to the drawing force in the axially
inward direction is further drawn into the tapered hole 11.
Thus, in a normal operation, two-face restraint, namely not
only the close fit state between the tapered hole 11 of the
spindle 10 and the tapered shank portion 21 of the tool
holder 20 but also the end-face close contact state between
the extended end face 125 of the spindle 10 and the flange
end face 23 of the tool holder 20 can be implemented.

In the case where the opposing clearance between the
spindle end face and the flange end face is large as in the BT
standards, the spindle generates heat by cutting heat gener-
ated in a cutting operation and the tapered hole of the spindle
is greatly expanded. Thus, the tapered shank portion 21 is
excessively drawn in the axially inward direction, resulting
in an excessively high bonding force between the tapered
hole 11 and the tapered shank portion 21. In this case, the
tool holder 20 cannot be unclamped in a changing operation
of an automatic tool changer.
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In a preferred embodiment, the amount of clearance
between the flange end face of the tool holder and the tip end
face (extended end face) of the spindle in the clamped state
is selected within such a range that allows the tool holder to
be unclamped after a processing operation is finished. If the
amount of clearance between the flange end face of the tool
holder and the tip end face of the spindle in the clamped state
is too small, only the end-face close contact state between
the flange end face of the tool holder and the tip end face of
the spindle is implemented as the spindle is rotated in the
processing operation. Specifically, as the spindle is rotated in
the processing operation, the tapered hole is expanded due
to the centrifugal force. In this case, the tapered shank
portion is not closely fitted in the tapered hole, and only the
flange end face of the tool holder and the tip end face of the
spindle closely contact each other. In view of the above, a
preferred amount of clearance between the flange end face
of the tool holder and the tip end face of the spindle in the
clamped state is selected in the range of 0.005 mm to 0.03
mm. The rotational speed of the spindle is, e.g., 500 min™"
or higher.

In order to implement two-face restraint during rotation of
the spindle, the tool holder may have predetermined dimen-
sions. That is, in view of the fact that the tapered hole is
slightly expanded by the centrifugal force as the spindle is
rotated at a normal operation speed, the tool holder may be
designed so that the flange end face of the tool holder is
separated from the tip end face of the spindle by a clearance
in the state where the tool holder is drawn into the tapered
hole and clamped therein, and so that the flange end face of
the tool holder closely contacts the tip end face of the spindle
in the state where the spindle is rotated.

The extended end face may be provided only in the
reference end face of the spindle, may be provided only in
the flange end face of the tool holder, or may be provided in
both the reference end face of the spindle and the flange end
face of the tool holder.

Although the embodiment of the present invention is
described with reference to the drawings, the present inven-
tion is not limited to the illustrated embodiment. Various
modifications and variations can be made to the illustrated
embodiment without departing from the spirit and scope of
the present invention.

The present invention can be advantageously used in tool
holders and tool holder attachment structures which are
capable of implementing two-face restraint during a pro-
cessing operation.

The invention claimed is:

1. A tool holder attachment structure, comprising:

a spindle of a machine tool, wherein said spindle has a tip
end face and a tapered hole extending axially inward
from said tip end face; and

a tool holder having a tapered shank portion that fits in
said tapered hole of said spindle, and a flange end face
that faces said tip end face of said spindle, wherein said
tool holder is configured in relation to said spindle so
that:

in a non-rotating clamped state in which said spindle is
not rotating, said tapered shank portion is drawn axially
into said tapered hole, thereby said tapered shank
portion is radially clamped in said tapered hole and
there is an axial clearance of a predetermined size
between said flange end face of said tool holder and
said tip end face of said spindle, and

in a rotating state in which said spindle is rotated, said
tapered hole of said spindle is slightly expanded by a
centrifugal force caused by rotation of said spindle, and
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said tapered shank portion is drawn axially farther into
said tapered hole until said axial clearance becomes
closed and said flange end face of said tool holder
comes into contact with said tip end face of said spindle
during the rotation of said spindle in said rotating state,
and said tapered shank portion becomes closely fitted
and radially clamped in said tapered hole in said
rotating state, whereby a two-surface restraint becomes
implemented in said rotating state by said tapered
shank portion contacting fittingly into said tapered hole
and by said flange end face contacting said tip end face.

2. The tool holder attachment structure according to claim
1, wherein said predetermined size of said axial clearance
between said flange end face of said tool holder and said tip
end face of said spindle in said non-rotating clamped state is
dimensioned within a range that allows said tool holder to be
unclamped from said spindle after completion of a process-
ing operation that uses said spindle and said tool holder in
said rotating state.

3. The tool holder attachment structure according to claim
1, wherein said predetermined size of said axial clearance
between said flange end face of said tool holder and said tip
end face of said spindle in said non-rotating clamped state is
in a range from 0.005 mm to 0.03 mm.

4. The tool holder attachment structure according to claim
1, wherein a rotational speed of said spindle is 500 min~" or
higher in said rotating state.

5. A tool holder that is configured and adapted to be
attached to a spindle of a machine tool, said spindle having
a tip end face and a tapered hole extending axially inward
from said tip end face, and said tapered hole being slightly
expanded by a centrifugal force when said spindle is rotated
in a rotating state,

said tool holder comprising:

a tapered shank portion that is configured and adapted to

fit in said tapered hole of said spindle; and

a flange end face that is configured and adapted to face

said tip end face of said spindle,

wherein said tool holder is configured and adapted to be

attached to said spindle so that:
said tapered shank portion of said tool holder is config-
ured and adapted to be drawn axially into said tapered
hole of said spindle, whereby said tapered shank por-
tion is radially clamped in said tapered hole and said
flange end face is separated from said tip end face of
said spindle by an axial clearance in a non-rotating
clamped state in which said spindle is not rotating, and

said tapered shank portion is configured and adapted to
move farther axially into said tapered hole until said
tapered shank portion becomes radially clamped in said
tapered hole and said flange end face comes into
contact with said tip end face of said spindle in said
rotating state in which said spindle is rotated and said
tapered hole is thereby slightly expanded.

6. The tool holder according to claim 5, wherein an axial
positional relationship between said flange end face and said
tapered shank portion remains the same both in said non-
rotating clamped state and in said rotating state.

7. The tool holder according to claim 5, wherein said
tapered shank portion is fixedly arranged relative to said
flange end face, so that said tapered shank portion and said
flange end face move axially only together with one another.

8. The tool holder attachment structure according to claim
1, wherein an axial positional relationship between said
flange end face and said tapered shank portion remains the
same both in said non-rotating clamped state and in said
rotating state.
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9. The tool holder attachment structure according to claim
1, wherein said tapered shank portion is fixedly arranged
relative to said flange end face, so that said tapered shank
portion and said flange end face move axially only together
with one another.

10. The tool holder according to claim 5,

wherein said tapered shank portion and said flange end

face of said tool holder are particularly dimensioned
and configured in relation to one another and in relation
to the tapered hole and the tip end face of the spindle
so that:

in said non-rotating clamped state, said tapered shank

portion is radially clamped in said tapered hole, and
said flange end face is separated from said tip end face
by said axial clearance, and

in said rotating state, said tapered shank portion is radially

clamped in said tapered hole, and said flange end face
contacts said tip end face.

11. A tool holder that is configured and adapted to be
attached to a spindle of a machine tool,

wherein the spindle has a tip end face and a tapered hole

extending axially inward from the tip end face,
wherein the tapered hole has a first hole size in a non-

rotating state in which the spindle is not rotating, and

becomes slightly expanded to a second hole size larger

than the first hole size by a centrifugal force in a

rotating state in which the spindle is rotating, and
wherein said tool holder comprises:

tapered shank means for fitting tightly into the tapered

hole of the spindle in both the non-rotating state and the
rotating state, and

flange end face means for facing the tip end face of the

spindle with an axial clearance therebetween when said
tapered shank means are fitted tightly into the tapered
hole in the non-rotating state and for contacting the tip
end face of the spindle when said tapered shank means
are fitted tightly into the tapered hole in the rotating
state.

12. The tool holder according to claim 11, wherein said
tapered shank means comprise a tapered shank, said flange
end face means comprise a flange end face, and an axial
positional relationship between said flange end face and said
tapered shank remains the same in both the non-rotating
state and the rotating state.

13. The tool holder according to claim 11, wherein said
tapered shank means comprise a tapered shank, said flange
end face means comprise a flange end face, and said flange
end face is fixedly arranged relative to said tapered shank so
that said flange end face and said tapered shank move axially
only together with one another.

14. The tool holder according to claim 5, wherein said
tapered shank portion has a continuous conical surface over
an entire axial length of a part of said tapered shank portion
that fits and is clamped in said tapered hole.

15. The tool holder according to claim 5, wherein said
axial clearance between said flange end face of said tool
holder and said tip end face of said spindle in said non-
rotating clamped state is dimensioned within a range that
allows said tool holder to be unclamped from said spindle
after completion of a processing operation that uses said
spindle and said tool holder in said rotating state.

16. The tool holder according to claim 5, wherein said
axial clearance between said flange end face of said tool
holder and said tip end face of said spindle in said non-
rotating clamped state is in a range from 0.005 mm to 0.03
mm.



